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15 FIELD OF THE INVENTION 

The present invention relates generally to the field 
of ophthalmics, more particularly to ophthalmic devices, 
still more particularly to ophthalmic devices known as 
intraocular lenses (IOLs) , and even more particularly to 

20 iris fixated intraocular lenses and to surgical instru- 
ments useful for attaching such lenses to an ocular iris. 

BACKGROUND OF THE INVENTION 

25 At the onset it may helpful to the understanding of 

the present invention to define the terms Aphakic" and 
"aphakic" as related to human eyes. The term Aphakic" is 
applied to an eye in which the natural ocular lens is 
still present. This is in contrast to an "aphakic" eye 

3 0 from which the nat — for any reason- -been removed. A 
phakic eye is considered a dynamic or active eye because 
the living natural lens is subject to change over ^time, 
while an aphakic eye is considered a static eye because 
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the natural lens has Vision in an eye is enabled by light 
from a viewed image b refracted to the retina by the cor- 
nea and the natural lens (and/or any implanted intraocu- 
lar lens) located posterior of the cornea, 

One relatively common ocular problem is impaired or 
complete loss of vision due to the natural ocular lens 
becoming cloudy or opaque--a condition known as cataract. 
The formation of cataracts is typically associated with 
natural bodily aging, and most individuals over the age 
of about 60 years suffer from cataracts at least to some 
extent. 

Cataracts cannot currently be cured, reversed, or 
even significantly arrested. Accordingly, the corrective 
action involves surgically removing the natural lens when 
the lens becomes so cloudy that vision is greatly im- 
paired, the result being that a phakic eye becomes an 
aphakic eye. 

After a defective natural lens has been surgically 
removed, the current vision-restoring practice (since 
about the 1940' s) is to implant in the aphakic eye an ar- 
tificial refractive lens called an intraocular lens (IOL) 
having an optic and optic fixation means. Previously, 
thick, heavy, high diopter spectacles were prescribed for 
aphakic eyes. Such spectacles however were and still are 
generally disliked by most patients for their weight and 
appearance . 

Implantable IOLs were initially constructed from 
rigid polymethyl methacrylate (PMMA) , a hard, biocom- 
patable plastic material. More recently, IOLs have been 
constructed from a soft, elastically deformable, silicone 
or acrylic material that enables insertion of the IOLs 
through small ocular incisions. 

In addition to the implanting of IOLs in aphakic 
eyes to restore vision after removal of the natural lens, 
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considerable interest has recently arisen in implanting 
IOLs in phakic eyes to correct myopia, hyperopia, pres- 
byopia or astigmatism problems associated with non- 
cataract natural lenses. This implanting of corrective 
IOLs in phakic eyes is an often-attractive alternative to 
the wearing of corrective spectacles or contact lenses, 
which limit certain activities and even certain profes- 
sions, or having performed such surgical procedures on 
the cornea as radial keratomy (RK) or photo-radial kera- 
tectomy (PRK) , which may not be desired by many individu- 
als for various reasons. The implanting of refractive 
IOLs in phakic eyes to correct vision problems is consid- 
ered to constitute one of the remaining frontiers of vi- 
sion correction. 

In an aphakic eye, a replacement IOL is ■ now 
typically implanted in the posterior chamber of the eye 
from which the natural lens has been removed. In con- 
trast, a corrective IOL for a phakic eye is most desira- 
bly implanted in the anterior chamber of the eye, for- 
wardly of the intact natural lens remaining in the poste- 
rior chamber of the eye. (In some difficult cases, how- 
ever, an IOL may be implanted in the anterior chamber af- 
ter the natural lens has been removed from the posterior 
chamber.) The former type of IOL is called a posterior 
chamber IOL and the latter type is called an anterior 
chamber IOL. There are significant construction differ- 
ences between these two types of IOLs. 

With specific regard to anterior chamber IOLs 

(with which this application is concerned) , there has 
been recently renewed interest in IOLs constructed for 
fixation to the iris for correcting vision in phakic eyes 

(although, some of the earliest IOLs for aphakic eyes 
were iris fixated anterior chamber IOLs) . One reason for 
renewed interest in iris fixated IOLs for phakic eyes s 
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that fixating (i.e., attaching) the optic supporting 
structure directly to the iris itself avoids contact by 
the IOL with the sensitive filtration angle of the eye, 
thereby reducing subsequent ocular problems. 

Iris fixated IOLs are disclosed in recent 
United States patents 4,215,440 and 5,192,319 to Jan 
Worst. Both of such patents disclose IOLs employing one 
or more optic fixation members formed having a pair of 
pincer arms which, by surgical manipulation when attach- 
ing the IOLs to an iris, pinch up and hold a small, ante- 
rior surface region of the iris in the narrow gap between 
the pincer arms. This pinching action detachably at- 
taches the IOL to the iris so that the IOL optic is (ide- 
ally) fixated in the region of the iris opening (i.e., 
the pupil of the eye) . 

However, the present inventor considers that 
improvements to the iris fixated IOL designs disclosed in 
the two above-cited Worst patents are desirable. It is, 
therefore, a principal objective of the present invention 
to provide such improvements, particularly in the areas 
of improving optic centration and enabling small incision 
implanting of iris fixated IOLs. 

Moreover, so far as is known to the present in- 
ventor, the attaching to the anterior surface of the iris 
of iris fixated IOLs of the type disclosed by the above- 
referenced Worst patents has involved a very tedious and 
difficult two-handed procedure requiring great skill, 
dexterity and training. 

In this regard, a forceps is used by one of the 
IOL- implanting surgeon's hand to hold the IOL with the 
IOL optic centered on the iris. The surgeon uses his 
other hand to manipulate a needle (called an enclavation 
needle) to capture and lift a small region of iris stro- 
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raal tissue adjacent the gap between the pair of pincer 
arms of one of the IOL fixation members (haptics) . 

This lifting of iris tissue in the gap region 
lifts opposing end regions of the pincer arms, thereby 
causing widening of the gap between the pincer arms. 
Thus, when the tip of the enclavation needle is withdrawn 
from the iris tissue, the lifted region of tissue becomes 
pinched in the narrowing gap between the pincer arms as 
the arms flex back downwardly to their normal position. 
This procedure results in the attachment of the related 
IOL fixation loop to the iris. 

As a next step, the forceps and enclavation 
needle are switched between the surgeon's hands to per- 
form the same attachment procedure for the second IOL 
fixation loop to the iris and the resulting attachment of 
the IOL to the iris. 

This two-handed (i.e., bi-manual) IOL-to-iris 
fixation procedure is not only extremely difficult and 
very dependent upon the surgeon's skill, but it does not 
leave a free hand of the surgeon to perform other, ancil- 
lary procedures associated with the surgical implant of 
the iris fixated IOL. 

In the parent application of the inventor, an iris 
fixated intraocular lens and an instrument for attaching 
same to an iris is described. The instrument is a combi- 
nation enclavation needle and forceps instrument capable 
of one-handed use. In the implantation of an IOL, the 
forceps grips a portion of the haptic and the enclavation 
needle draws a small portion of the patient's eye mate- 
rial into a pincer gap disposed within the haptic. There 
is a problem, however, with respect to the instrument de- 
scribed in the inventor's parent application. That prob- 
lem arises from the fact that the physical orientation of 
the enclavation needle and the forceps portions of the 
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combination instrument is fixed with respect to each in- 
strument. Either the enclavation needle is disposed 
above the forceps or the enclavation needle is disposed 
below the forceps instrument. It follows from this fact 
that a practitioner can only use a single combination in- 
strument to fix that haptic of an IOL whose orientation 
corresponds to the orientation of the instrument. Since 
the practitioner must fix both haptics of the IOL by in- 
sertion of a combination instrument through a single in- 
cision in the eye of the patient, the practitioner can 
only attach a haptic of the IOL to the patient where the 
haptic has an orientation which corresponds to the orien- 
tation of the instrument. Thus, to attach a haptic to 
the IOL which has a reverse orientation, the practitioner 
must use a combination instrument having such reverse 
configuration. This means that a practitioner is required 
to purchase and maintain two separate combination instru- 
ment, each having opposite orientations of enclavation 
needle and forceps. This presents a significant cost 
disadvantage to the practitioner. 

Accordingly, there is a need for an intraocular lens 
capable of being installed by a single combination encla- 
vation needle and forceps instrument. 

BRIEF DESCRIPTION OF THE DRAWINGS : 

The present invention can be more readily understood 
by a consideration of the following detailed description 
when taken in conjunction with the accompanying drawings, 
in which: 

FIG. 1 is a vertical cross sectional drawing of for- 
ward regions of a representative human eye, showing the 
cornea, iris and natural lens and showing an iris fixated 
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intraocui?? lens (IOL) having features "of the present in- 
vention implanted in the anterior chamber of the eye and 
fixed to the anterior surface of the iris; 

5 FIG. 2 is a front view of one embodiment of a three 

piece iris fixated IOL having features of the present in- 
vention, showing the optic and an opposing pair of optic 
support or fixation members (haptics) , each terminating 
in an elongated fixation loop having a narrow pincer gap 
10 for enabling detachable attachment of the IOL to the an- 

M> terior surface of a patient's iris, the pincer gaps being 

Hi 

nj shown directly facing the optic; 
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FIG. 3 is a side view of the IOL of FIG. 2, showing 
15 forward vaulting of the optic relative to the fixation 
loops ; 

FIG. 4 is a partial front view of a variation fixa- 
tion loop corresponding to the fixation loops shown in 
20 FIG. 2, showing a spaced apart pair of iris pincer gaps 
defined in the elongated vertically-divided fixation 
loop, both of such gaps shown directly facing the optic; 

FIG. 5 is a front view of a variation three piece 
25 iris fixated IOL having features of the present inven- 
tion, showing the optic and an opposing pair of haptics, 
each such haptic shown curving closely around the optic 
and terminating in an elongated fixation loop having a 
narrow, perpendicular pincer gap for enabling detachable 
30 attachment of the IOL to a patient's iris, the pincer 
gaps being shown facing away from the optic; 



FIG. 6 is a side view of the IOL of FIG. 5, showing 
forward vaulting of the optic relative to the fixation 
loops ; . 

FIG. 7 is a partial front view of a variation fixa- 
tion loop corresponding to the fixation loops shown in 
FIG. 5, showing a spaced apart pair of iris pincer gaps 
defined in the elongated vertically-divided fixation 
loop, both of such gaps shown directed away from the op- 
tic; 

FIG. 8 is a drawing depicting the manner in which a 
representative right angle pincer gap, such as those 
shown in FIGS. 2, 4, 5 and 7, is operative for pinching 
an anterior surface region of an iris in a manner detach- 
ably attaching the associated fixation loop and thus the 
associated IOL to the iris; 

FIG. 9 is a drawing depicting the manner in which a 
representative angled pincer gap, corresponding to the 
right angle pincer gaps shown in FIGS. 2, 4, 5 and 7 is 
used to engage the anterior surface of an iris in a man- 
ner detachably attaching the associated fixation loop and 
thus the associated IOL to the iris; 

FIG. 10 is a plan view of a prior art iris fixated 
IOL illustrating the previously-used, two-handed iris at- 
tachment process involving the use by one hand (not 
shown) of forceps to hold the IOL in position against the 
anterior surface of the iris and simultaneously, involv- 
ing the use by the other hand (also not shown), to ma- 
nipulate a separate enclavation needle to engage 
(i .e. , pierce) , with the needle tip, the anterior surface 
of the iris adjacent the upper pair of IOL fixation, loop 



pincer arms and lift a small region of the iris tissue 
into the gap between the pincer arms; 

FIG. 11 is a series of cross sectional views taken 
along line 11-11 of FIG, 10; FIG. 11A showing a small re- 
gion of iris issue adjacent the pincer arm gap engaged 
and lifted by the tip of the enclavation needle; FIG. 11B 
showing the ends of the pincer arms adjacent the pincer 
arm gap, with opposing end regions of the pincer arms 
shown flexed upwardly and spread apart by the lifted tis- 
sue; and FIG. 11C showing the enclavation needle with- 
drawn from the iris tissue and opposing end regions of 
the pincer arms flexed back into their iris -attachment 
position, with a small region of iris tissue pinched in 
the pincer arm gap to thereby attach the pincer arms — and 
the associated IOL--to the iris; 

FIG. 12 is a perspective drawing of a combination 
forceps and enclavation needle instrument having features 
of the present invention useful for attaching an iris 
fixated IOL to the anterior surface of a patient's iris, 
showing a forceps tip and needle tip projecting from a 
slender operating head portion of the instrument and 
showing external elements in a handle portion of the in- 
strument for enabling the manipulation of the forceps and 
needle tips by one hand of a user; 

FIG. 13 is a transverse cross sectional drawing 
looking along line 13-13 of FIG. 12, showing three oper- 
ating rods of a forceps tip and needle tip operating and 
control system; 

FIG. 14 is a longitudinal cross sectional drawing 
looking along line 14-14 of FIG. 13, showing details of 
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the forceps tip portion of the combination instrument de- 
picted in FIG. 12 , showing upper and lower jaws of the 
forceps tip in both the closed and open positions, the 
closed position showing the forceps tip (in solid lines) 
gripping a portion of the IOL fixation loop (shown in 
broken lines) and the open forceps tip position being 
shown dotted lines, and further showing pivotal mounting 
of a lower region of the upper jaw to the instrument tip 
and showing an operating pin pivotally attached to a mid 
region of the upper jaw; 

FIG, 15 is a longitudinal cross sectional drawing 
looking along line 15-15 of FIG. 13, showing details of 
the enclavation needle tip portion of the combination in- 
strument depicted in FIG. 12, showing in solid lines an 
exemplary, or spiral enclavation needle tip in its low- 
ered position and showing in phantom lines the needle tip 
in its raised position, and further showing the mechanism 
by which the needle is raised and lowered; 

FIG. 16 is a schematic drawing showing electrical 
implementation of the operating and control system of the 
combination forceps and enclavation needle instrument de- 
picted in FIG. 12, showing four rotational or advanc- 
ing/retracting miniature, reversing electrical motors and 
associated gears, and showing associated electrical 
switches for selective operation of the motors; 

FIG. 17 is a schematic drawing of a variation opera- 
tion and control system that is the mechanical equivalent 
of the electrical operating and control system depicted 
in FIG. 16, four thumb-wheels being shown substituted for 
the four reversible motors and associated electrical 
switches; 
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FIG. 18 is a series of enlarged drawings showing 
several different shapes of enclavation needle tips: FIG. 
18A depicting an offset, axial, helical needle tip; FIG. 
18B depicting an arcuate, sidewardly- extending offset 
needle tip; and FIG. 18C depicting a forwardly directed, 
spiral needle tip similar to the needle tip depicted in 
FIG. 18A; 

FIG. 19 is a greatly enlarged plan view of a modi- 
fied haptic fixation loop of the iris fixated IOL similar 
to that depicted in FIG. 2, the fixation loop being con- 
figured to facilitate operation of the combination for- 
ceps and enclavation needle instrument, the fixation loop 
having thickened end regions for rigidity; 

FIG. 20 is a cross sectional view taken along line 

20- 20 of FIG. 19, showing end regions of the fixation 
loop raised relative to central regions of the loop; 

FIG. 21 is a cross sectional view taken along line 

21- 21 of FIG. 19, showing a representative one of thick- 
ened end regions of the fixation loop; 

FIG. 22 is a series of drawings depicting, by way of 
specific example, operation of the combination forceps 
and enclavation needle instrument having features of the 
present invention in connection with the haptic fixation 
loop depicted in FIGS. 19-21; with the helical needle tip 
depicted in FIG." 18A and with the insertion portion of 
the instrument positioned at a right angle relative to a 
long axis of the fixation loop: FIG. 22A depicting the 
forceps tip gripping one of the thickened end regions of 
the fixation loop to hold the fixation loop against the 
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anterior surface of an iris and with the enclavation nee- 
dle tip portion positioned above the iris surface inside 
the fixation loop near the fixation loop pincer arm gap 
and showing in broken lines an alternative positioning of 
the forceps tip and needle tip; FIG. 22B showing the for- 
ceps tip still holding the fixation loop against the iris 
surface and depicting the helical needle tip advanced in 
the direction of Arrow "E" and partially rotated in the 
CCW direction to insert the needle tip beneath the iris 
surface diagonally under the pincer arm gap; FIG. 22C 
being similar to FIG. 22B, but depicting further CCW ro- 
tation of the needle tip to lift the engaged iris tissue 
into the pincer arm gap that is also lifted and widened 
by the lifted iris tissue; and FIG. 22D depicting the 
needle tip partially rotated back in the CW direction and 
retracted in the direction of Arrow U E'" to thereby with- 
draw the needle tip from the engaged iris tissue, leaving 
the previously uplifted region of iris tissue pinched 
(i.e., trapped) in the pincer arm gap; 

FIG. 23 is a longitudinal cross sectional drawing 
looking along line 23-23 of FIG. 12 showing internal fea- 
tures of the separation portion of the combination in- 
strument and showing, by way of representative example, 
the forceps tip control pin frictionally connected to its 
associated connector pin; 

FIG. 24 is a transverse cross sectional drawing 
looking along line 24-24 of FIG. 23 showing the associ- 
ated clamping member for the forceps tip control pin in 
an undamped configuration; 

FIG. 25 is a longitudinal cross sectional drawing 
similar to FIG. 23, but showing the representative con- 
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trol pin^Sfamped by the pin clamping member depicted i 
FIG. 24 and showing the control pin disconnected from it 
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associated connector pin; 



FIG. 26 is a transverse cross sectional drawing 
looking along line 26-26 of FIG. 25 showing the associ- 
ated clamping member clamping the forceps tip control 
pin; 

FIG. 27 is a detail view of an alternative modified 
haptic fixation loop having features of the invention; 

FIG. 28 is a detail view of a second alternative 
modified haptic fixation loop having features of the in- 
vention; 

FIG. 29 is a detail view of a third alternative 
modified haptic fixation loop having features of the in- 
vention; 

FIG. 3 0 is a plan view of an intraocular lens having 
features of the invention; 

FIG. 31 is a side view of the intraocular lens il- 
lustrated in FIG. 30; 

FIG. 32 is a plan view of another embodiment of an 
intraocular lens having features of the invention; 

FIG. 33 is a detail view of a haptic portion of an 
intraocular lens having features _ of the invention; 



FIG. 34 is a detail view of a second haptic portion 
of an intraocular lens having features of the invention; 



# 14 • . . 

FIG. 35 is a detail view of a third haptic portion 
of an intraocular lens having features of the invention; 
and 

FIG. 36 is a detail view of a fourth haptic portion 
of an intraocular lens having features of the invention. 

In the various FIGS., the same elements and features 
are given the same reference numbers. In the various 
variation variations, corresponding elements and features 
are given the same reference numbers as first set forth, 
followed by an "a" , w b" , "c" , and so on, as appropriate 
and/or as will be evident in the following DESCRIPTION. 



DETAILED DESCRIPTION 

The following discussion describes in detail one em- 
bodiment of the invention and several variations of that 
embodiment. This discussion should not be construed, 
however, as limiting the invention to those particular 
embodiments. Practitioners skilled in the art will rec- 
ognize numerous other embodiments as well. 

The invention claimed herein is the intraocular lens 
illustrated in FIGS. 19 and 27-36. For a proper under- 
standing of the invention, however, the intraocular 
lenses and the combination enclavation needle and forceps 
instrument described in the inventor's parent application 
are described immediately hereafter. 

Background Information Regarding the Disclosure in the 

Applicant's Parent Application 

There is shown in FIG. 1, in vertical cross section, 
a forward region 10 of a representative human eye having 
an optical axis 11 (Axis of symmetry) . Depicted in the 
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FIG. are a cornea 12, an iris 14 and an intact, natural 
crystalline lens 16. A (posterior) corneal endothelium 
surface 18 is identified on cornea 12 

An iris fixated intraocular lens (IOL) 20 is shown 
implanted in an anterior chamber 22 of eye region 10 
(posterior to corneal endothelium surface 18) and fix- 
ated, in a manner described below, to an anterior surface 
24 of iris 14 . 

Identified in FIG. 1, to facilitate the understand- 
ing of the present invention, is an annular pupiliary 
spincter region 28 of iris 14 that surrounds and controls 
a pupil or pupiliary opening 30 having a diameter, D ir 
that typically no greater than about 8 mm for normal vi- 
sion. 

Further identified are an annular iris collarette 
region 32 and an annular pupiliary dilator muscle region 
34 of iris 14. An annular chamber angle 36 is identified 
at a peripheral edge region of iris 14, as is an annular 
trabecular meshwork 38. An annular ciliary process 40 is 
indicated at the peripheral attachment of natural lens 
16. 

As is further depicted in FIG. 1, iris fixated IOL 
20 is fixated to iris anterior surface 24 in the general 
region of iris collarette 32 (the thickest region of iris 
14), radially outwardly from pupiliary sphincter 28. 

Shown in FIGS 2 and 3, comprising iris fixated IOL 
20 are an optic 50 and a pair of opposing, similar and 
preferably identical, fixation members or haptics 52. 
Projecting sidewardly (radially) from opposite sides of a 
peripheral edge 56 of optic 50, and preferably formed in 
one piece with the optic, are similar structural haptic 
attachment abutments or bosses 58. Optic 50, which has 
respective anterior and posterior surfaces 60 and 62 
(FIGS. 1 and 3), may be constructed as convex-convex (as 
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depicted ^1 FIG. 1), convex- concave, convex-planar, or 
concave -planar or concave -concave, all such and other 
configurations being within the scope of the present in- 
vention. Optic 50 may advantageously be provided in the 
diopter range between about -15 and about +15. 

It is preferred that optic 50 be constructed from an 
elastically deformable material, such as a silicone or 
acrylic material, enabling the optic to be folded, rolled 
or otherwise deformed so that IOL 20 can be implanted 
through an ocular incision no larger than about 3.5 mm. 
It is therefore preferable that the material from which 
optic 50 is constructed have an index of refraction of at 
least about 1.46 and that the optic have a diameter, D 2 , 
of between about 5.5 mm and about 7.0 mm (FIG. 3) and a 
center thickness, t lt no greater than about 0.8 mm (FIG. 
1) . 

Each of haptics 52, which are preferably constructed 
(as by micro-machining) from polymethyl methacrylate 
(PMMA) , is formed having an arcuate, flexible proximal 
end region 70 and a generally flat, loop-shaped distal 
end region 72. A proximal end 74 of each haptic 52 is 
fixed into an associated one of bosses 58 (FIG. 2) so 
that haptic proximal end region 70 extends in a direction 
tangential to optic edge 56. Such haptic-to-optic fixa- 
tion can be of any type used by IOL manufacturers for the 
secure attachment of haptics to soft, flexible optics. 

Haptic proximal end region 70 is arcuate in plan 
view and arches away from optic 50 (FIG. 2) . Further, 
proximal end region 70 is made flexible, particularly in 
a plane parallel to the plane of optic 50, by preferably 
having a width, w x , of about 0.25 mm and a thickness, t 2 
(FIG. 3) of about 0.35 mm. Preferably portions of haptic 
52 defining distal end region loop 72 have about the same 
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thickness cTs set forth for haptic proximal end region 70, 
and may be somewhat wider, as set forth below. 

The loop into which haptic distal end region 72 is 
formed may be of a variety of shapes. However, the end 
region loop is shown in FIG. 2 as being elongated into a 
curved shape having a length, l x and flattened into a 
width, w 2 . By way of example, with no limitation in- 
tended or implied, such loop length, l lt may be about 3.0 
mm and such loop width, w 2 , may be about 1.0 mm. 

A side region 76 of distal end region loop 72 that 
is closest to and directly faces optic 50 is formed de- 
fining an iris pincer gap 78 (FIG. 2) having a width, w 3 , 
of about 0.1 mm and a length, 1 2 , of about 0.4 mm. Iris 
pincer gap 78 is shown oriented in a radial direction 
relative to a center 80 of optic 50, but may alterna- 
tively be oriented in another direction. As further, 
shown in FIG 2, both iris pincer gaps 78 of the two hap- 
tics 52 are centered on a diameter, D 3 , which is prefera- 
bly about 8.5 mm. Pincer gaps 78 of both haptics 52 also 
lie generally on a common plane 82 (FIG 3) , the haptics 
being arched so that optic 50 is vaulted forwardly into 
anterior chamber 22 (FIG. 1) with posterior surface 62 
anterior of plane 82 by a distance, d lt that is prefera- 
bly about 0.5 mm. 

Overall diameter, of IOL 20 (to ends of haptics 52) 
is preferably between about 7.5 mm and about 10 mm so 
that the IOL haptics engage iris 14 at iris collarette 
region 32, as noted above (FIG. 1) . 

As a result of the flexibility of haptics 52, after 
one haptic has been attached to iris 14 by a pinching ac- 
tion (more particularly described below) , optic center 80 
can be easily aligned with optical axis 11 by flexing of 
the second haptic 52 before the second haptic is attached 
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to the iris. Thus, centration of optic 50 on optical 
axis 11 of the eye is easily achieved. 

Moreover, with optic 50 constructed from an elasti- 
cally deformable material,. IOL 20 can be implanted 
through a small ocular incision, as is important to mini- 
mize surgical trauma and possible complications, and re- 
duce patient recovery time, all as compared to the surgi- 
cal procedure required to implant a rigid iris fixation 
IOL. Further in this regard, the explanting of the 
flexible IOL 20, in the event explanting becomes neces- 
sary as the patient's vision changes with time, is also 
made easier. 

From the foregoing, it will be appreciated that many 
variations to IOL 20 and particularly to haptics 52 which 
attach the IOL to iris 14 are possible and are to be con- 
sidered as being covered by the present invention. 

One such variation is shown in FIG. 4 in connection 
with a variation IOL 20a, which is identical for descrip- 
tive purposes to above-described IOL 20 except as other- 
wise particularly described below. Corresponding ele- 
ments and features are given the same reference numbers 
set forth above followed by an "a" . 

As shown, a looped distal end region 72a of a haptic 
52a (corresponding to haptic 52) is divided radially 
(relative to center 80 of optic 50) by a narrow wall 90 
into respective first and second loop sectors 92 and 94. 
Each such sector 92 and 94 is constructed to define an 
iris pincer gap 78 directly facing optic 50. Thus, each 
haptic 52a (only a representative one of which is shown) 
incorporates in distal end region 72a a spaced-apart pair 
of iris pincer gaps 78. This described doubling of the 
number of iris pincer gaps 78 in haptic loops 72a may 
sometimes be advantageous in securely detachably fixing 
IOL 20a to iris 14 . 
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Another such variation is shown in FIGS . 5 and 6 in 
connection with a variation iris fixation IOL 20b, which 
is identical for descriptive purposes to above -described 
IOL 20 except as otherwise particularly described below. 
Corresponding elements and features are given the same 
reference numbers set forth above followed by a u b" . 

A principal distinction between IOL 20b and above- 
described IOL 20 relates to pincer gaps 78 on haptic 
loops 72b facing away from optic 50 instead of directly 
facing the optic in the case of above-described IOL 20. 
Because pincer gaps 78 are spaced apart the same dis- 
tance, D 3 (before disclosed in connection with IOL 20) , 
proximal regions 70b of haptics 52b curve more closely 
around optic 50. Haptics 52b, are generally spaced from 
optic edge 56 a distance, d 2 , that is at least about 
equal to a closest separation distance, d 3 (FIG. 1) , be- 
tween anterior surface 82 of natural lens 16 and poste- 
rior surface 84 of iris 14 (a distance typically of about 
0.3 mm) . 

Since haptics 52b are otherwise similar to above- 
described haptics 52, this increased C-curvature of hap- 

. tics 52b may provide somewhat increased haptic flexibil- 
ity. Moreover, orienting pincer gaps 78 on haptic loops 
72b away from optic 50 may, in some instances, facilitate 
fixation of the IOL to iris 14. The vaulting of optic 50 
relative to haptic loops 72b is preferably the same as 
disclosed above relative to IOL 20. 

FIG. 7 depicts another variation iris fixated IOL 
20c, which is identical for descriptive purposes to 

" above -described IOL 20b except as otherwise particularly 
described below. Previously described features and ele- 
ments are given the same reference number followed by a 
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As ca^be seen, IOL 20c combines ^he described dou- 
ble pincer gap features shown for IOL 20a in FIG. 4 with 
IOL 20b (FIGS 5 and 6.). Thus, as shown in FIG. 7, rep- 
resentative haptic loop 72c is vertically divided by a 
5 narrow wall 90c into first and second loop sectors 92c 
and 94c, respectively. Each sector 92c and 94c has de- 
fined a pincer gap 78 that faces away from associated op- 
tic 50. 

Pincer gaps 78 on both haptic loops 72c (only one 
10 such loop being shown) are spaced a distance D 3 (defined 
above) apart. 

FIG. 8 depicts the manner in which a representative 
^1 one of pincer gaps 78, on a representative haptic distal 

t ris 

Mf end region loop 72 pinches up a small surface segment 98 

j:{ 15 of iris tissue into the gap, thereby releasably or de- 

« tachably fixing the associated haptic (e.g., haptic 52), 

\* and hence the associated IOL (e.g., IOL 20), to iris. 14. 

!jf This pinching up of iris segment 98 is accomplished, 

in 

O foe example, by deflecting haptic loop regions 100 and 

rii! 

20 . 102 on each side of gap 78, downwardly (direction of Ar- 
rows "A") into iris surface 24. When the loop regions 
are released, they return to their original shape, 
thereby trapping iris segment 98 in gap 78. 

It is to be understood that variations of the iris 

25 pincer gap may be made within the scope of the present 
invention and used in place of above-described pincer 
gap(s) 78. An example of such a variation is depicted in 
FIG. 9, in which a slanted iris pincer gap 78d (corre- 
sponding to above-described pincer gap 78) is depicted 

30 formed or defined in a representative haptic distal end 
region loop 72d (corresponding to above -described distal 
end region loop 72) . 

Pincer gap 78d is depicted in FIG. 9 as formed or 
defined along a line 112 that is at an angle, a, relative 
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to a line 114 perpendicular to end region loop 72d. 



and about 60 degrees, with a slant angle of about 45 de- 
grees being most preferred. 

It is evident from FIG. 9 that when end region loop 



pushed or advanced in the direction indicated by Arrow 
"B" , a sharp, leading lower edge 116 at gap 78d cuts into 
iris 14. This causes a small sliver 118 of iris 14 to be 
extruded into gap 78d, to thereby detachably fixate end 
region loop 72d, and hence associated haptic and IOL 
(neither shown in FIG. 9) to iris 14. 

Distal end region loop 72d can be detached from iris 
by merely rotating the end region loop back in the direc- 
tion indicated by Arrow U B'". 

There is depicted in FIG. 10, by way of example and 
for comparative purposes, an iris fixated IOL 200 of the 
general configuration disclosed in the above cited Worst 
patents . 

Shown comprising IOL 200 are an optic 202 and an op- 
posing pair (i.e., upper and lower, as depicted) of IOL 
fixation loops or members or haptics 204. Each fixation 
loop 2 04 comprises respective first and second pincer 
arms 206 and 208 that define a pincer gap 210 between op- 
posing pincer arm end surfaces 212 and 214, respectively. 

FIG. 10 further illustrates the heretofore-used (so 
far as is known to the present inventor) most commonly 
used procedure for attaching IOL 200 to an anterior sur- 
face 220 of iris 222, as has been briefly described in 
the foregoing . BACKGROUND OF _THE INVENTION. 

As depicted, forceps, only a tip 224 of which is 
shown, are used by one hand (not shown) of the IOL- 
implanting surgeon to grip an edge region of IOL optic 
.202. Forceps tip 224 hold IOL optic 202 in a manner 



Preferably, slant angle, a, is between about 30 degrees 



72d is pressed against iris anterior surface 24 and is 




200 against iris anterior surface 220 with 



holding 



optical axis 22 6 of the IOL optic aligned with the opti- 
cal axis of pupil 228 (i.e., the optical axis of the 
eye) . 

With IOL 200 held and positioned in the above- 
described manner by forceps tip 224, an enclavation nee- 
dle, only a tip region 230 of which is shown, is manipu- 
lated by the implanting surgeon's other hand (not shown) 
so that the needle tip pierces iris anterior surface 220 
adjacent pincer gap 210 of one of the fixation loops 204— 
-the uppermost fixation loop being depicted. 

The needle is then manipulated so that needle tip 
portion 230 engages and starts lifting a small region 234 
of iris stromal tissue, as also depicted in FIG. 11A. 

As depicted in FIG. 11B, with forceps tip 224 still 
holding IOL 200 properly positioned against iris anterior 
surface 220, needle tip portion 230 is then raised in a 
manner lifting engaged iris tissue region 234 into pincer 
gap 210. This tissue region 234 lifting process flexes 
end regions of pincer arms 206 and 2 08 upwardly, thereby 
widening pincer gap 210. 

Finally, as depicted in FIG. 11C, needle tip 230 is 
withdrawn from iris tissue region 234. Pincer arms 206 
and 2 08 then flex back downwardly to their unflexed posi- 
tion (Ref. FIG. 11A) , closing gap 210 and pinching iris 
tissue region 234 in the gap (as is also depicted for the 
lowermost fixation loop 204 of IOL 200 in FIG. 10) . 

Alternatively (not depicted) , needle tip portion 230 
may be used to depress an open end region of one of pin- 
cer arms 206 or 208- into iris anterior surface 220 such 
that when the pincer arm end region is released by needle 
tip region 230, some iris stromal tissue, corresponding 
to tissue region 234 is pinched in pincer arm gap 210. 
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i cfbove-described iris tissue pin 



The aoove-described iris tissue pinching in pincer 
gaps 210 of both fixation loops 204, detachably attaches 
IOL 200 to iris anterior surface 220. If detachment of 
IOL 200 from iris surface 220 later becomes necessary for 
any reason, the procedure described above is essentially 
reversed. 

Although the above-described procedure for fixating 
IOL 200 to iris anterior surface 220 may appear rela- 
tively simple, in actual practice the procedure is one of 
the most difficult or all surgical procedures. This is 
because the procedure requires unusually great manual 
dexterity of both hands simultaneously. 

In order to reduce the currently great difficulty in 
performing the foregoing iris fixation surgical procedure 
and improve reproducibility of the fixation procedure, 
the present inventor has invented a combination forceps 
and enclavation needle instrument 3 00 (FIG. 12) that can 
be easily operated by one hand 302 as more particularly 
described below. 

As shown, instrument 3 00 comprises an elongate oper- 
ating head portion 3 04, an intermediate, operating head 
separation portion or means 305 and an elongate, prefera- 
bly cylindrical, handle or barrel portion 306. Operating 
head portion 304 includes a tubular, ocular insertion 
member 308 which, with separation portion or means 305 
extends from a distal end 310 of handle or barrel portion 
306 along a longitudinal axis 312 of the instrument. 

Handle portion 306 may advantageously be constructed 
of two longitudinal half sections (not individually 
shown) attached together by two screws 314 to enable in- 
ternal access for assembly, maintenance and any required 
repair. 

Projecting from an open, distal end 314 of operating 
head portion 3 04 are a forceps tip 322 and an enclavation 
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needle tijr 324, also as more particularly described be- 
low. 

With no limitations being intended or implied, a tu- 
bular insertion member 3 08 of operating head portion 3 04 
may have a length, 1 3/ of about 8 mm. Insertion member 
308 is preferably elliptical or oval in transverse cross 
section, having a major cross sectional dimension, a x , of 
no more than about 2.5 mm and a minor cross sectional di- 
mension, a 2 , of no more than about 1.9 mm (see FIG. 13) 
to enable its insertion through a small ocular incision. 
An overall length, 1 4 , of operating head portion 304 may 
be about 40 mm. 

Without limitation, handle portion 306 may have a 
length, 1 5 , of about 170 mm, and is preferably round with 
an outside diameter, D 7 , of about 25 mm. 

Installed in handle portion 306 are needle and for- 
ceps tip operating and control system or means 328 which 
is preferably electrical powered, as more particularly 
described below. System 328 is configured for enabling 
forceps tip 322 and enclavation needle tip 324 to be op- 
erated by one user hand 302 to detachably attach (and/or 
remove) an iris fixated IOL, similar to IOL 2 0 (FIG. 2) 
in a manner similar to that described above for IOL 2 00 
(FIGS. 10-11) . 

Also shown in FIG. 12 comprising externally accessi- 
ble portions of operating and control system 328 are re- 
spective first, second, third and fourth momentary - 
on/of f /momentary-on electrical switches 332, 334, 336 and 
338 by which forceps tip 322 and needle tip 324 can be 
micro-manipulated by the user's one hand 302. 

As more particularly described below, first switch 
332 is electrically connected for selectively moving both 
forceps tip 322 and needle tip portion 324 in extended 
and retracted axial directions a limited adjustment dis- 



tance of several mm. Second switch 334 is electrically 
connected for selectively opening and closing forceps tip 
322. Third switch 336 is electrically connected for se- 
lectively raising and lowering needle tip 324. Fourth 
switch 33 8 is electrically connected for simultaneously 
partially rotating needle tip 324 in clockwise (CW) and 
counterclockwise (CCW) directions with associated extend- 
ing and retracting of the needle tip for helical needle 
tips, as described below. 

FIG. 13 is a transverse cross sectional drawing of 
insertion member 308 showing a rod or pin 340 for operat- 
ing forceps tip 322 and rods or pins 342 and 344 for op- 
erating needle tip 324. Rods or pins 340, 342 and 344 
preferably each have a cross sectional diameter, D 8 , 
which is about 0.5 mm. 

As more particularly shown in FIG. 14, forceps tip 
322 projects axially beyond open end 314 of instrument 
operating head insertion member 308. It should be noted 
that the term w forceps tip" is used herein in conjunction 
with reference number 322 to enable a direct comparison 
with above-described forceps tip 234 (FIG. 10) , even 
though the described forceps tip 322 does not actually 
resemble the tip of a conventional forceps. 

Shown comprising forceps tip 322 are respective up- 
per and lower gripping jaws 346 and 348. Lower jaw 348 
is substantially flat and is directed parallel to handle 
axis 312, having a rearward end region 350 fixed to a 
lower region of tubular insertion member 308. 

Forceps tip upper jaw 346 is generally C-shaped and 
has a lower end region 352 pivotal ly mounted, by a pivot 
pin 354, to a lower region of member 308. A distal end 
356 of forceps control rod or pin 340 is pivotally at- 
tached, by a pivot pin 358, to an upper, central region 
of upper jaw 346 . 
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When^ontrol rod 340 is moved in an axial direction 
away from forceps tip upper jaw 346 (direction of Arrow 
W D", FIG. 14) by switch 334 (FIGS. 12 and 16) of operat- 
ing and control system 328, the upper jaw is pivoted up- 
wardly (direction of Arrow W E") about pivot pin 354 to or 
toward the fully-open position indicated by phantom 
lines . 

In contrast, when forceps tip control rod or pin 340 
is caused to be moved in an axial direction toward upper 
jaw 346 (direction of Arrow "D"' , FIG. 14) by operating 
and control system switch 334, the upper jaw (if open) is 
pivoted downwardly (direction of Arrow W E M/ ) about pivot 
pin 354 to or toward its closed position (shown in solid 



This described opening and closing movement of upper 
jaw 346 enables forceps tip 322 to grip an IOL fixation 
loop region 360 (depicted in phantom lines in FIG. 14) 
that is supported on an upper surface 362 of forceps tip 



As shown, a free, distal end 364 of lower jaw 348 
extends a distance, d 4 , of about 0.20 mm beyond upper jaw 
346 for facility of operation, as described below. 

As shown in FIG. 15, a proximal end 3 66 of needle 
tip 324 that projects beyond open end 314 of insertion 
member 3 08 is attached in an offset manner (as depicted 
in FIG. 18A) to a distal end region 3 68 of needle tip 
control rod or pin 342. 

By way of specific example, with no limitation 
thereby intended or implied, needle tip 324 preferably 
has a length, 1 6 , of about 1.0 mm, and has a helical or 
"corkscrew" shape in a longitudinal direction. Needle 
tip 324 is preferably offset a distance, d 5 , of about 0.9 



lines) . 



lower jaw 348 (also as more particularly described be- 
low) . 
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a^onqitudinal axis 372 of contr 



mm from a^ongitudinal axis 372 of control rod 342 (see 
also FIG. 18A) . 

Needle tip control rod 342 is loosely or slidably 
disposed through a short axial tubular member 376, having 
5 a length, 1 7 , of about 10 mm. Tubular member 376 is piv- 
otally connected by an axially-separated pair of links 
38 0 to a proximal insertion member region 382 having a 
diameter, D 9 , of about 10 mm (FIG. 13) . Links 3 80 are 
shown pivotal ly mounted at each end by pivot pins 384 to 
10 respective inner and outer brackets 386 and 388 (FIG. 13) 
fixed respectively to tubular member 3 76 and insertion 
member region 382. Outer brackets 388 are detachably at- 
tached to outer member region 382 by screws 389 (FIG. 
13) . 

^jl 15 The proximal end region of tubular member 3 76 is 

connected by an offsetting element 3 92 to a distal end of 



li nil 



Q control rod or pin 344. It can thus be seen from FIG. 15 

that when control rod or pin 344 connected to tubular 

IS member 376 is caused to be moved axially toward needle 

CI 

jMjj 20 tip 324 (direction of Arrow "F") by switch 336 of operat- 

ing and control system 328, links 380 are caused to pivot 
upwardly (direction of Arrow M G" ) . Such upward pivoting 
of links 380 lifts or pulls up tubular member 376 with 
its enclosed needle tip control rod or pin 342 and at- 
25 tached needle tip 324 a distance, d 6 , of about 0.7 mm to 
an needle tip iris tissue lifting position (shown in bro- 
ken lines) . 

In a reverse action, when control rod or pin 344 at- 
tached to inner tubular member 376 is caused to be moved 
3 0 axially- away from needle tip 324 (direction of Arrow 
«F'") by switch 336, links 380 are caused to pivot back 
downwardly (direction of Arrow H G"') . Such downward piv- 
oting motion of links 380 causes the lowering of needle 
tip control rod or pin 342 and attached needle tip 324, 
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to or toward the tissue-penetrating needle tip position 
shown in solid lines. 

It is to be appreciated that needle tip rod or pin 
342 remains free to rotate and move axially within tubu- 
lar member 376. Thus, rod or pin 342 and attached needle 
tip 324 connected thereto can, during the iris fixation 
of an iris fixated IOL, rotated in either the clockwise 
(CW) direction or the counterclockwise (CCW) direction 
and moved axially (in the direction of Arrow "H" or "H"') 
in tubular member 376 by operating and control system 
switch 338 (FIGS. 12 and 16) . 

Forceps tip 322 and needle tip 324 can also be se- 
lectively moved, in unison, in a forward, extending di- 
rection (direction of Arrow "J" ) or a rearward, retract- 
ing direction (direction of Arrow U J'") with insertion 
member 3 08 by operating and control system switch 332 
(FIGS. 12 and 16), as more particularly described below. 
Such extension/retraction axial movement of forceps tip 
322 and needle tip 324 enables an operator of instrument 
3 00 to adjust the axial positional of the tips as may be 
desired or needed for accurate fixation position of an 
iris fixated IOL. 

Shown in the electrical schematic drawing of FIG. 16 
further comprising operating and control system 328, in 
addition to previously-mentioned switches 332-33 8 and 
battery 33 0 (which may be a conventional 1.5 volt bat- 
tery) , are respective first, second, third and fourth 
combination reversible motors and reduction gears (trans- 
missions) 390, 392, 394 and 396. 

Forceps tip and needle tip extension and retraction 
control switch 332 is shown connected to battery 330 by a 
wire 398 and by electrical wires 400 and 402 to motor and 
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sron 3 90 to cause forward and r< 



transmission 3 90 to cause forward and reverse operation 
of the motor. 

In a similar manner, forceps tip opening and closing 
control switch 334 is connected to battery 33 0 by a wire 
5 404 and by electrical wires 406 and 408 to motor and 
transmission 3 92 to cause forward and reverse operation 
of the motor. 

Needle tip raising and lowering switch 336 is, in 
turn, shown connected to battery 330 by wires 404 and 
10 410 and by electrical wires 412 and 414 to motor and 
transmission 3 94 to cause forward and reverse operation 
of the motor. 



tk Finally, needle tip rotational and axial movement 

nil 

control switch 338 is shown connected to battery 330 by a 
15 wire 420 and by electrical wires 422 and 424 to motor and 
transmission 3 96 to cause forward and reverse operation 



en, of the motor, 



Forceps tip and needle tip motor and transmission 
^ 390 is connected, through respective rack and pinion 

20 gears 430 and 432 and a drive rod 434 to an axially mov- 
able, internal, motor and switch housing 436. In turn, 
internal housing 436 is connected, through separation 
portion 3 05 to insertion member 3 08 (not shown in FIG. 
16) , to thereby enable selective forward or rearward 
25 movement of forceps tip 322 and needle tip 324 in unison 
(as described above), by operation of switch 332. 

Forceps tip motor and transmission 392 is connected, 
through respective rack and pinion gears 440 and 442 to a 
forceps tip connector pin or rod 341/ that is detachably 
30 connected to forceps tip control pin or rod 34 0, to 
thereby enable selective opening and closing of forceps 
tip 322 (as described above), by operation of switch 334. 
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i Turn, needle tip motor and tran 



In Turn, needle tip motor and transmission 394 is 
connected, through respective rack and pinion gears 444 
and 446 to a needle tip tubular member connector pin or 
rod control rod or pin 345, that is detachably connected 
5 to needle tip raising/lowering control pin or rod 344, to 
thereby enable raising and lowering of needle tip 324 (as 
described above), by operation of switch 336. 

Finally, needle tip rotation and axial movement mo- 
tor and transmission 3 96 is connected, through respective 
10 worm gears 450 and 452 to a needle tip connector pin or 
K rod 343, that is detachably connected to needle tip con- 

j 3 trol pin or rod 342. Worm gears 450 and 452 are config- 

l~ ured for enabling simultaneous CW and limited axial out- 

IH ward movement or CCW rotation and simultaneous axial in- 

yi 

fit 15 ward movement of needle tip 324 (as described above), by 

* operation of switch 338. 

fi 

^ As shown in FIG. 16, all components of operating and 

Oil control system 328, except battery 33 0, switch 322 and 

O 

jMlj associated motor and transmission 3 90, gears 430 and 432 

20 and rod 434, are installed in internal housing 436 so as 
to move axially therewith by operation of switch 332. 

Although, electrical operating and control system 
328 described above relative to FIG. 16 will ordinarily 
be preferred for ease of precise operation of forceps tip 
25 322 and needle tip 324, FIG. 17 depicts a non-electrical 
(i.e., entirely mechanical) variation operating and con- 
trol system 328a. System 328a is in all respects the me- 
chanical equivalent of electrical operating and control 
system 328 and may, for some situations, be preferred. ■ 

30 In mechanical system 328a, that is installed in an 

instrument handle portion 3 06a, a thumb-wheel 3 90a re- 
places or is used in lieu of needle tip and forceps tip 



extension and motor and transmission 390 and switch 332 
of system 330. A thumb-wheel 392a replaces or is used in 
lieu of forceps tip opening and closing motor and trans- 
mission 392 and switch 334. A thumb-wheel 394a replaces 
or is used in lieu of needle tip raising and lowering mo- 
tor and transmission 394 and switch 336. A. thumb -wheel 
396a replaces or is used in lieu of needle tip rotation 
motor and transmission 396 and switch 338. Thumb-wheels 

3 90a, 392a, 3 94a and 396a project through handle portion 
306a for operational purposes. 

In mechanical operating and control system 328a, 
battery 330 and all associated electrical wiring depicted 
in FIG. 16 for electrical operating and control system 
330 are, of course, eliminated. 

Fig. 18 depicts, for illustrative purposes, with no 
limitation being thereby intended or implied, several 
variations of enclavation needle tip configurations that 
the present inventor has determined may be useful in con- 
junction with instrument 3 00 for engaging iris tissue and 
lifting the engaged iris tissue into pincer gap 490. 
FIG. 18A shows above-described axial helical needle tip 
324 as having the above -described length, 1 6/ of about 1 
mm and as having a sidewardly offset distance, d 7/ from 
control rod longitudinal axis 372 of about 0.4 mm. 

FIG. 18B shows a first variation, arcuate needle tip 
460 that has a radius of curvature, r i; equal to about 
.0.9 mm, and that is curved through about 90°. Needle tip 

4 60 has a generally uniform width, w 4/ of about 0.3 mm 
and tapers from a thickness, t 3 , of about 0.15 mm at an 
attachment end 462, to a knife-edge at a free, pointed 
end 464. Tip attachment end 462 is offset in a horizon- 
tal direction from needle tip control rod longitudinal 
axis 372a the distance, d 7 , (i.e., about 0.4 mm). 
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Showi^^n FIG. 18C is a second varTation needle tip 
466 that is similar in some respects to both needle tips . 
324 and 460 (FIGS. 18A and 18B) . Needle tip 466, which 
is curved similar to needle tip 460 , spirals forwardly in 
5 a manner similar to helical needle tip 324. 

All of needle tips 324, 460 and 466, as well as all 
variations thereof, are preferably constructed from sur- 
gical-grade stainless steel or other strong, biocompati- 
ble material and may utilize diamond tips for optimum 
10 wear characteristics. 

H It is important to note that for needle tips 324 

(FIG. 18A) and 466 (FIG. 18C) associated gears 450 and 
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452 (FIGS. 16 and 17) are configured for causing simulta- 
neous needle tip rotational movement and axial movement. 
15 For needle tip 460 (FIG. 18B) and other, comparable nee- 
dle tips-no t illustrated) , gears 450 and 452 are config- 
ured for providing only needle tip rotational movement. 

The present inventor has further determined that ad- 
vantages can be obtained by specifically configuring, as 
20 shown in FIGS. 19-21, an IOL fixation loop 478 of a 
variation iris fixated IOL 480 (similar to iris fixated 
IOL 20, FIG. 2) to cooperate with operation of above - 
described combination forceps tip and needle tip instru- 
ment 3 00 (again, as more particularly described below) . 

25 Fixation loop 478 corresponds generally to fixation 

loop 72 depicted in FIG. 2 and described above. As such, 
fixation loop 478 is formed having respective first and 
second pincer arms 482 and 484. Respective adjacent ends 
486 and 488 of pincer arms 482 and 484 define therebe- 
30 tween a narrow pincer gap 490 (corresponding to above - 
described pincer gap 78, FIG. 2) preferably having a gap 
width, w 5 , of about 0.07 mm. 



As depicted in FIG. 21, pincer arm 482, which is 
representative of pincer 484, is substantially flat and 
rectangular with rounded corners, having a preferred 
width, w 6 , of about 0.35 mm and a preferred thickness, t 4 , 
of about 0.15 mm. A fixation loop side region 492 oppo- 
site pincer gap 490 is preferably round in cross section, 
having a diameter, D 10 , of about 0.2 mm. 

As shown in FIG. 20, respective lower surfaces 500 
and 502 of fixation loop opposite end regions 504 and 506 
are flared or offset upwardly a preferred distance, d 8 , 
of about 0.15 mm above a plane 510 defined by respective 
lower surfaces 512 and 514 of pincer arms 482 and 484. 
Note that plane 510 is also coincident with an iris ante- 
rior surface (such as iris surface 220, FIG. 10) when IOL 
480 is fixated to an iris. Such upward offset of end 
regions 504 and 506 provides clearance for forceps tip 
lower jaw 348 (FIG. 14) , as described below. 

Respective target gripping regions 520 and 522 of 
fixation loop end regions 504 and 506 are preferably 
thickened by a distance, d 9 , of about 0.1 mm (FIG. 21). 
These regions 520 and 522 not only provide thickened re- 
gions for right angle gripping by forceps tip 322 during 
iris fixation of loop 478 (as shown in FIG. 22) , but also 
provide visual guides for enabling accurate right angle 
positioning of the forceps tip. 

FIG. 22 depicts, in a series of four steps, typical 
operatiorl of combination forceps and enclavation needle 
instrument 3 00 in combination with fixation loop 478 of 
exemplary iris fixated IOL 480. By way of example, in- 
strument insertion member 308 is shown in FIGS. 22A-D in 
solid lines positioned at a right angle to the long axis 
of fixation loop 478; however, there is indicated by bro- 
ken lines in FIG. 22A an alternative positioning of the 



instrument member designated 308a parallel to the long 
axis of the fixation loop. 

For purposes of describing the fixation loop attach- 
ment procedure, with no limitation being thereby intended 
5 or implied, electrical operation and control system 328 
is assumed. 

IOL 480 is first inserted, using known IOL insertion 
procedures, through an ocular incision (not shown) into 
the anterior chamber of a patient's eye. Forceps tip 322 

10 and needle tip 324 are then optimally positioned relative 
to a selected fixation loop 478 (for example, with the 
aid of visual optics) by the ophthalmic surgeon's manipu- 
lation of operating and control switch 332 as described 
above with respect to FIGS. 12 and 16). As described 

15 above with respect to FIGS. 12 and 16, needle tip 324 is 
elevated by the surgeon to the desired elevation by ma- 
nipulation of switch 336 and forceps tip 322 is opened by 
manipulation of switch 334. 

Then, as depicted in FIG. 22A by way of example, 
20 forceps tip lower jaw 348 is moved into a position be- 
neath raised region 522 of fixation loop 478. Accurate 
positioning of forceps tip 322 is visually determined by 
visually observing when lower jaw end 364 becomes visible 
beyond fixation loop 478 in the region of pincer arm 484, 
25 with the loop resting on lower jaw upper surface 362 (see 
FIG. 14) . Switch 334 is then manipulated to close for- 
ceps tip upper jaw 346 against fixation loop region 522 
(see also FIG. 14) . 

Needle" tip 324 is conf igured so that at the- above- 
30 described fixation loop gripping position of forceps tip 
322, a sharp needle tip distal end 530 is positioned 
above a desired iris tissue engagement point within fixa- 
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tion loop 478 and adjacent to and in alignment with pin- 
cer gap 490. Needle tip 324 is then lowered (not shown), 
by operation of switch 336, until needle tip distal end 
530 touches iris anterior surface 220 (FIG. 22A) . 

As next depicted in FIG. 22B (with fixation loop 478 
held against iris anterior . surf ace 220 by forceps tip 
322), needle tip 324 is partially rotated in the clock- 
wise (CW) direction by operation of switch 338. Such 
partial rotation of needle tip 324 causes needle tip dis- 
tal end 530 to penetrate the iris stromal tissue at a 
narrow entry or engagement line 532. Continued partial 
CW rotation of needle tip 324 with simultaneous advance- 
ment of the needle tip (in the direction of Arrow W H" ) 
causes the needle tip to spiral through the engaged iris 
stromal tissue beneath pincer gap 490 until needle tip 
distal end 530 subsequently exits the iris tissue at a 
narrow exit line 534. As described above, in unison with 
such CW partial rotation of needle tip 324, the needle 
tip is advanced (by the same operation of switch 338) out 
of open end 314 of tubular member 308. 

In the next operational step illustrated in FIG. 22C 
with forceps tip 322 still gripping fixation loop 482 and 
holding the fixation loop against iris anterior surface 
220 as described above, and with needle tip 324 still em- 
bedded in iris stromal tissue beneath pincer gap 490, the 
needle tip is lifted (not shown) by operation of switch 
336. This lifting of needle tip 324 lifts an iris stro- 
mal tissue region 540 into pincer gap 490, thereby lift- 
ing and spreading respective ends 486 and 488 of pincer 
arms 4 82 and 484 and widening the pincer gap. 

Finally, as depicted in FIG. 22D, needle tip 324 is 
rotated back in the counterclockwise (CCW) direction by 
operation of switch 338. This operation of switch 338 
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simultaneously moves (i.e.., retracts) needle tip 324 
rearwardly (direction of Arrow W H'"), leaving tissue re- 
gion 540 pinched or trapped in the resulting closing of 
pincer gap 490 as pincer arms 482 and 464 flex back down- 
wardly toward their original, unflexed position. 

At this point, the selected fixation loop 478 has 
been attached to iris anterior surface 220. Needle tip 
324 is then lifted, by operation of switch 336 to clear 
side 492 of fixation loop 478 and forceps tip upper jaw 
346 is opened by operation of switch 334. Instrument 300 
may then be repositioned to repeat the above-described 
attachment procedure on the second fixation loop. 

The present inventor considers the ability to easily 
and quickly separate above-described operating head por- 
tion 304 (with forceps tip 322 and needle tip 324) from 
the rest of instrument 300 is desirable (but not essen- 
tial) . Such separation of operating head portion 3 04 is 
advantageous for reasons as enabling: (i) the rapid in- 
stallation of a sterilized operating head portion 3 04 be- 
fore each new use of instrument 300, (ii) the efficient 
sterilization of operating head portion 3 04, and (iii) 
the easy replacement of a damaged or worn needle tip 324 
and/or forceps tip 322. 

Disconnection and reconnection of operating head 
portion 304 relative to the rest of instrument 3 00 is 
provided by detachable connections (described below) be- 
tween control pins or rods 340, 342 and 344 and their as- 
sociated connecting pins or rods 341, 343 and 345 and be- 
tween outer tubular member region 382 and inner housing 
436 (FIG. 16) . 

These detachable connections are identical for each 
interconnecting pair of control and connecting pins or 
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rods 340 and 341, 342 and 343, and 344 and 345. Conse- 
quently, only the detachable connection of a representa- 
tive pair of control and connecting pins or rods 340 and 
341 (for opening and closing forceps tip 322) is depicted 
5 in FIGS. 23-26 and described hereinbelow. 

FIG. 23, thus depicts the detachable connection be- 
tween control pin or rod 340 and associated connecting 
pin or rod 341, as is required for the controlled opening 
and closing of forceps tip 322 (not shown) by operation 
10 of switch 334 (see FIG. 16) . For such detachable connec- 
jU< tion, a blunt, conical, proximal end 600 of forceps tip 

control pin or rod 340 is frictionally received or fit 
into a conically tapered recess or socket 602 formed in a 
till distal end region of connecting pin or rod 341. Prefera- 

15 bly, conical proximal end 600 of connecting pin or rod 

E Ml 

341 is tapered at tapered at an angle, 5 1# of about 10° 
and recess 602 is tapered at an angle, 5 2 , of about 7°. 
(jj Connecting pin or rod 341 may have a diameter, D 1X , that 

is about 2 mm. 
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20 With the above -described frictional connection made 

between control pin or rod 34 0 and associated connecting 
pin or rod 341, the control pin or rod can be moved axi- 
ally by connecting pin or rod 341. However, to permit ax- 
ial movement of control pin or rod 340, respective first 

25 and second jaws 606 and 608 of a spring-loaded control 
pin clamp 610 (FIG. 24) are held in an open, non-pin 
gripping position by an axially directed, tapered pin 612 
inserted into a mating tapered aperture 614 in the clamp, 
as shown in both FIGS. 23 and 24. 

30 Tapered pin 612 projects axially rearward from a 

circular member 62 0 (as do two hidden, identical tapered 
pins associated with the two other pairs 342, 343 and 
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ox control and connecting pin or 



344, 345 of control and connecting pin or rods (also not 
shown) . An internally threaded retaining ring 622 tight- 
ened on an externally. threaded region 624. of tubular mem- 
ber region 3 82 maintains (through a circular flange 626 
5 on circular member 620) tapered pin 612 in clamp aperture 
614 to hold clamp jaws 606 and 608 open, thereby enabling 
free axial movement of control pin or rod 340. 

An externally threaded ring 63 0 is threaded into an 
internally threaded end 632 of internal housing 436. An 
10 inwardly-directed flange 634 of ring 630 retains tubular 
member region 382 in place by bearing against an out- 
wardly-directed flange 636 at the proximal end of member 



Ul region 3 82 . 

Cjt 

^1 The procedure for detachment of insertion portion 

f|| 15 304 from internal housing is made obvious from a consid- 

eration of FIGS. 25 and 26 and comprises the steps set 
forth below. 



Forceps tip 322 and needle tip 324 are first re- 
turned to an initial "zero" or "null" position, by appro- 
20 priate operation of switches 332, 334, 336 and 338. 

Internally threaded ring 622 is then screwed for- 
wardly (direction of Arrow "K") on externally threaded 
region 624 of tubular member region 382. This forward 
movement of ring 622 pulls tapered pin 614 (through cor- 

25 responding forward movement of member 620) out of clamp 
aperture 614. This permits clamp jaws 606 and 608 to 
close in a gripping relationship against control rod or 
pin 340 (Fig. 26) . (In the same manner and at the same 
time, corresponding -clamps are - clamped- against control 

30 pins or rods 342 and 344-not shown.) 

Externally threaded ring 63 0 is next unscrewed for- 
wardly (direction of Arrow tt L") from internally threaded 
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o^housing 436 to complete the toi 



end 632 o^housing 436 to complete the forward separation 
of insertion portion 3 04 from housing 43 6 and thus in- 
strument barrel 306. Note that the clamping by clamp 610 
of control pin or rod 340 enables the control pin or rod 
5 conical end 600 to be pulled free from connecting pin or 
rod tapered recess 602 when insertion portion 3 04 is 
pulled forwardly from housing 436. 

Preferably all above-described parts of insertion 
portion 304 are constructed of a surgical grade of stain- 
10 less steel to enable the separated insertion portion to 
be sterilized by conventional sterilization procedures. 

Connection of the same (or another) insertion por- 
Jjjj tion 304 to internal housing 436 is performed by revers- 

ing the above-described separation steps. 

15 FIG. 27 illustrates a fixation member 710 similar to 

the IOL fixation loop 478 which is illustrated in FIG . 
|']| 19. In the embodiment illustrated in FIG. 27 , the fixa- 

tion member 710 has at least one connecting element 712 
and a pincer element 714. The connecting element 712 is 
20 attached to an optic 716 and the pincer element 714 is 
attached to the connecting element 712. The pincer ele- 
ment 714 comprises (i) a side region 718 having a central 
portion 720 and opposed end portions 722 and (ii) a first 
pincer arm 724 and a second pincer arm 726 attached to 
25 the side region 718. Both the first pincer arm 724 and 
the second pincer arm 726 have a first end 728 and a sec- 
ond end 730. The first ends 728 of the two pincer arms 
724 and 726 are attached to the side region 718 and the 
second ends 73 0 of the two pincer arms 724 and 726 are 
30 unattached and disposed proximate to, but spaced apart 
from, one another, so as to. form a narrow pincer gap 732. 
In the embodiment illustrated in FIG. 27, the respective 
target gripping regions 734 and 736 of the fixation mem- 
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ioc thickened as are the gripping 
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ber are noc thickened as are the gripping regions 520 and 
522 of the of. the fixation loop 478 illustrated in FIG. 
19. The gripping regions 734 and 736, however, may be 
thinned as they are in the embodiments illustrated in 
5 Figures 30 and 31. 

In the embodiment illustrated in Figure 27, the con- 
necting elements 712 are quite short. In a typical em- 
bodiment, each of the connecting elements 712 has a 
length 1 less than about 1.0 mm. In a most typical em- 

10 bodiment, the length 1 of each connecting element 712 is 
about 0.7 mm. The short length of the fixation members 
712 enhances the implantation of the lens 74 0 by folding 
techniques because the short fixation members 710 mini- 
mize the range of movement during the implantation un- 

15 folding. This results in less chance of corneal endothe- 
lial cell damage. 

FIG. \ll also illustrates a very important feature of 
the embodiments illustrated in FIGS. 27, 28 and 30-36. 
As can be seen in FIG. 27, each pincer gap 732 has op- 
20 posed end portions 756 and a central-most portion 758. 
The side region 718 has a first location 760 disposed 
closer to the\ optic 716 than the pincer gap 732. This 
first location\760 is spaced apart from the central-most 
portion 758 of \the pincer gap 732 by a distance x which 
25 is typically between about 1.3 mm. The side region 718 
further has a second location 762 disposed farther from 
the optic 716 thcJn the pincer gap 732. This second loca- 
tion 762 is spaced apart from the central -most portion 
758 of the pincer wap 732 by a distance y, which is sub- 
30 stantially the same\ distance as x. 

The first location 760 and the second location 762 
provide gripping sites for the forceps of a combination 
. installation instrument comprising an enclavation needle 



and a forceps instrument, such as described above. Be- 
cause there are two such gripping locations, one disposed 
closer to the optic 716 than the pincer gap 732 and one 
disposed further from the optic 716 than the pincer gap 
732, the practitioner can install both of the two fixa- 
tion members 710 to the eye of a patient using a single 
combination instrument. A practitioner does not have to 
own and maintain two separate combination instruments, 
each having a different orientation of the enclavation 
needle and the forceps. A single instrument, having any 
one such orientation, can be employed by the practitioner 
to fix both haptics, because both fixation members 710 
have alternative gripping sites (the first location 760 
and the second location 762) which will allow gripping of 
the fixation member 710 by the forceps portion of the in- 
strument from either side. 

FIG. 28 illustrates an alternative IOL fixation mem- 
ber 710. Unlike the fixation member 710 illustrated in 
FIG. 27, the embodiment illustrated in FIG. 28 has a con- 
necting element 712 with a widened attachment portion 738 
which is disposed in tangential abutment to the optic 
.716. Such widened attachment portion 738 is useful in 
providing improved stability to the optic 716 during im- 
plantation by minimizing its tendency to "tilt." 

FIG. 29 illustrates an alternative embodiment to 
that which is illustrated in FIG. 28. Contrary to the 
embodiment illustrated in FIG. 28 wherein the pincer arms 
724 and 726 are disposed between the optic 716 and the 
central portion 720 of the side region 718, in the em- 
bodiment illustrated in FIG. 29, the central portion 720 
of the side region 718 is disposed between the optic 716 
and the pincer arms 724 and 726. 
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. 30 illustrates an alternative i: 



FIG. 30 illustrates an alternative iris fixated in- 
traocular lens 740. In the intraocular lens 740 illus- 
trated in FIG. 30, the two fixation members 710 are 
wholly disposed on opposite sides of the optic 716. Like 
5 the embodiment illustrated in FIG. 27, the connecting 
elements 712 are also quite short. In a typical embodi- 
ment, each of the connecting elements 712 has a length 1 
less than about 1.0 mm. In a most typical embodiment, 
each of the connecting elements 712 has a length 1 of 
10 about 0.7 mm. The short length of the fixation members 
712 enhances the implantation of the lens 740 by folding 
techniques because the short fixation members 710 mmi- 
CS mize the range of movement during the implantation un- 

gjij folding. This results in less chance of corneal endothe- 

i 'I? 

; ! :; : 15 lial cell damage. The width of each fixation member 740 



is typically about 2.4 mm. 

Q In the embodiment illustrated in FIG. 30, the side 

}mj regions 718 of both of the two fixation members 712 corn- 

s' IV 

prise a first transverse member 742. The first trans- 
fjj 20 verse member 742 of both fixation members 712 are dis- 



posed substantially along the same line 744. Also in the 
embodiment illustrated in FIG. 30, both of the fixation 
members 712 comprise an orthogonal member 746 disposed 
substantially perpendicular to the first transverse mem- 
25 ber 742. A second transverse member 748 is attached to 
the orthogonal member 746 and disposed substantially par- 
allel to the first transverse member 742. 

The embodiment illustrated in FIG. 30 has a signifi- 
cant advantage over the embodiments illustrated in FIGS. 
30 27 and 28 . In the embodiments illustrated in FIGS . 27 
and 28, the first location 760 is disposed along the con- 
necting element 712. As can be seen in FIG. 31, the con- 
necting elements 712 are typically disposed along the 
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:r' , "bortion of the fixation memoei 



ft it. 



u vaulting^^^>ortion of the fixation memoer 710, that is, 
along the transition between the plane in which the optic 
716 is disposed and the plane in which the pincer element 
714 is disposed. The vaulting portions of fixation mem- 
5 bers 710 in most IOL's are, for strength purposes, not 
flat. Accordingly, in embodiments such as illustrated in 
FIGS. 27 and 28, wherein the first location 760 is dis- 
posed along the vaulting portion, the gripping by the 
forceps portion of a combination instrument at the first 
10 location 760 can be somewhat difficult. The embodiment 
illustrated in FIGS. 30-33 and 35 eliminates this problem 
by disposing both the first location 760 and the second 
ni location 762 on now-vaulted, flat portions of the pincer 

'?& element 714. In FIGS. 30-33 and 35, this is facilitated 

tJI • . 

15 by use of an extension portion 764 which is provided 

r in 

along the second transverse member 748. The extension 

□ portion 764 extends the second transverse member 748 be- 

r;| yond the pincer arm 726. The extension portion 764 is 

Jjjj used to accommodate either the first location 760 or the 

fU 20 second location 762. 

In the embodiment illustrated in FIG. 30, the pincer 
arms 724 and 726 are disposed between the optic 716 and 
the central portion 720 of the side region 718. This is 
also the case with respect to the embodiments illustrated 
25 in FIGS. 32-34. However, in alternative embodiments, 
such as those illustrated in FIGS. 35 and 36, the central 
portion 720 of the side region 718 is disposed between 
the optic 716 and the pincer arms 724 and 726. 

As illustrated in FIG. 31, the transverse members 
30 742 and 748 of the fixation members 710 can have ah in- 
ternal depression 750 on the forward face of the second 
transverse member 748. The internal impression 750 im- 
proves the elasticity of the transverse members 742 and 
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)ending of the pincer element 714 



748 to bending of the pincer element 714. The internal 
impression 750 also limits forceps contact outside of the 
internal impression 750. 

Typically, the optic 716 and the connecting elements 
5 712 are made of different materials having different co- 
efficients of expansion. In the embodiment illustrated 
in FIG. 32, the juncture between the optic 716 and the 
connecting elements 712 has a pair of holes 754. These 
holes 754 reduce contact between the different materials 
10 of the optic 716 and the connecting elements 712 and 
h> minimize uneven expansion problems at the juncture be- 

pij tween the optic 716 and the connection elements 712. 

El 

(U FIG. 33 is a detail illustration of a fixation mem- 

ber 710 similar to the fixation member 710 used in the 
fU 15 embodiment illustrated in FIG. 30. In the embodiment il- 

p;, lustrated in FIG. 33, however, the connecting element 712 

C j 

^f; is reduced in mass to reduce the impact of optic folding 
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on the fixation member 710. In a typical embodiment of 
the fixation member 710 as illustrated in FIG. 33, the 

20 width of the first transverse member 742 is about 0.30 
mm, the width of the orthogonal 746 is typically about 
0.20 mm and the width of the second transverse member 748 
is typically about 0.30 mm. Also in the embodiment il- 
lustrated in FIG. 33, the width of the pincer arms 724 

25 and 726 is typically about 0.35 mm, and the total length 
of the two pincer arms 724 and 726 (including the width 
of the pincer gap 732) is about 1.70 mm. Typically, the 
distance between the pincer arms 724 and 726 and the wid- 
ened attachment portion 738 of the connecting elements 

30 .712 is at least about 0.55 mm. The width of the widened 
attachment portion is typically less than about 0.35 mm. 

In the embodiment illustrated in FIG. 34, each fixa- 
tion member 710 has two connecting elements 712. The use 



of two connecting elements 712 adds additional rigidity 
and stability to the fixation member 710. 

The embodiment illustrated in FIG. 35 is similar to 
the embodiment illustrated in FIG. 33. In the embodiment 
illustrated in FIG. 35, however, the central portion 720 
of the side region 718 is disposed between the optic 710 
and the pincer arms 732 . 

Also, the embodiment illustrated in FIG. 36 is simi- 
lar to the embodiment illustrated in FIG. 34. In the em- 
bodiment illustrated in FIG. 36, however, the central 
portion 720 of the side regions 718 is disposed between 
the optic 716 and the pincer arms 732. 

Although there have been described above an iris 
fixated IOL and variations thereof, as well as an associ- 
ated combination enclavation needle and forceps IOL- iris 
attachment instrument, in accordance with the present in- 
vention for purposes of illustrating the manner in which 
the present invention maybe used to advantage, it is to 
be understood that the invention is not limited thereto. 
Consequently, any and all variations and equivalent ar- 
rangements which may occur to those skilled in the appli- 
cable art are to be considered to be within the scope and 
spirit of the invention as set forth in the claims which 
are appended hereto as part of this application. 



